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Estimation of -Electronic Couplings Fig.10) . Also, the minimum error to fits corresponds to V t =0.4eV (the error to fits is doubled when increasing V t to 0.45eV). Therefore, we can reasonably say that the extracted t is 35 ± 20 meV. For a single molecule, the conductance looks quite like a Lorentzian as a function of the energy of the electrodes. For a small electrode-molecule coupling, the transmission peak is narrow and centered around the molecule energy. When the electrode-molecule coupling is increased, the peak gets wider and it is also slightly shifted as the self-energy acquired because this coupling is larger. Finally, the transmission peak is drifted when the molecule energy is changed. 
Supplementary Note 1: History of conductance histograms in molecular electronics
Recognizing that experimental transport through molecules is usually a tunneling process in which the conductance G is defined as G=Aexp(-βd) where A is a contact conductance, β a tunnel decay constant and d the molecule length, the shape of this peak is often well-described by a log-normal distribution [4] [5] [6] [7] (Fig.1b) . Peak width (its variance) has been mainly attributed to the adsorption chemistry of the molecule with the electrode, but not discussed quantitatively 5, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . For micrometer-size devices, the log-normal distribution is related to the averaging over various molecular phases and to grain boundaries.
Supplementary Methods:
UHV-STM
The high resolution image was performed at room temperature with a substrate biased at 2V and at a constant current of 1 pA. We are not aware of such clear image at molecular as it is believed that Fc-Fc interactions dominate for the short SAMs (n<5) and when n>5, C n -C n interactions dominate. We believe that this discrepancy can be attributed to the gentle ultrasonication step in the process. As mentioned in the previous section, this step was required to avoid pollution of the tip from adsorbed molecules on silica. It may bring enough energy to release strain in the monolayer leading to a configuration where the Fc-Fc interactions dominate as for shorter alkyl chains. Interestingly, we find the same tilt angle of Fc (to the normal of the surface) as FcC 11 SH monolayers with stronger van der Waals interactions. The present crystal-like structure is perfectly adapted to the present study.
Gold nanodot electrode fabrication
The fabrication of the gold nanocrystal arrays have been described elsewhere. 24 To perform this study, we have developed an high-speed e-beam lithography technique to get large areas covered with Au nanocrystals arrays. 24 Minimum spacing between Au nanodots is 50 nm, which is the configuration used for cyclic voltammetry measurements.
Self-assembled monolayers
For the SAM deposition, we exposed the freshly evaporated gold surfaces and gold 
Voltammograms fits with consideration of Coulomb interactions
The extended Laviron model 25 ( ) 
DFT calculations
The transfer integral has been calculated within the dimer fragment approach, as Electron transport between two normal electrodes through an array of molecules at temperature T = 0 is considered. Each electrode is modeled as a semi-infinite cubic lattice of single-state sites and any site on its surface can be connected to one molecule modeled as a single-level quantum dot (QD).
Two electrodes modeled as semi-infinite 3D tight-binding metals connected via an array of molecules. Each electrode site (black ball) can be connected to one molecule (green ellipse).
The total Hamiltonian of the system reads: where is each molecule energy level and t is a nearest neighbor transfer integral between molecules, which can be switched on and off. Note that molecules are not only coupled each other, but also via the electrodes: this is a substrate-mediated coupling.
These two couplings are collectively termed cooperative effects. Focusing on electronic transport through the molecules, the leads degrees of freedom are integrated out leaving us with the following effective Hamiltonian:
The isolated electrode Green's function B C #$ (A) is obtained through Haydock recursion 34 , leading to the matrix components B +D+ E , FDF E (A) = 34 G , 6 G |B C #$ (A)|4, 62
where the nearest-neighbor coupling within the electrodes is set to ' # = 0.82 \'.
4
It follows that the full Green's function of the molecules dressed by the coupling to the electrodes can be defined as:
The transmission through the molecular QDs finally reads:
where we introduced the scattering rate between molecules and electrode g as Γ ( h (A) = −2 ' h _4:B C #$ (A)>.
The zero-temperature current through the molecules biased at voltage ' is then given by
where A l is the Fermi energy of the electrodes and b(A, ') corresponds to the energydependent transmission b(A) where we accounted for a bias-related shift in the dot level energy m → m(') = m + \'
Isolated molecule
The single-molecule Hamiltonian reduces to Integrating it over the energy window set by the external voltage, this expression allows us to get the current value and check the reasonable choice of coupling parameters.
Array of y × y molecules
We consider a square of y × y molecules, the site basis being ordered as z|1, 12, |1, 22, … , |1, y2, |2, 12, |2, 22, … , |y, y2| . The Hamiltonian of this system where m is the molecular energy level and is the transfer integral, coupling nearest neighbors of the array in both directions.
The electrode Green's function is then expressed in this site basis using Eq. S9
and the horizontal and vertical lengths |4 − 4′| and |6 − 6′| between the two considered molecules. In the case of, e.g. y = 3, one thus has in this basis 
Computing transport histograms
In order to compare to the experimental results, we would like to compute current histograms. Each histogram typically relies on 10 † realizations which requires a very large number of integrals (Eq.S13), making the computation untractable. This is particularly true for large values of N. In order to speed up the numerical computations, we need to significantly reduce the number of evaluations of the transmission. To do so, we approximate the current integral using a midpoint rule:
As it is the case for any Newton-Cotes-like scheme, the error is related to the second derivative of the integrand. Focusing on an applied bias V=-0.6 V, one readily sees that the transmission, although not quite linear, is monotonous and only weakly convex over the domain of integration (Fig.S14a) , therefore justifying our approximation. For this choice of external bias, the current is thus dominated by the transmission evaluated at the center of the voltage window. Fig.S14b shows the ratio of the approximated current (Eq.S18) over the current obtained from the integrated transmission (Eq.S13) as a function of the applied voltage. The error from the approximation made with Eq.S18 is acceptable at the studied bias given that the current distribution spreads over more than one decade. We stress that a larger error arises at positive bias. In any case, further studies would benefit from a refined evaluation of the current integral (using e.g. However, when studying the influence of other parameters, we assume an average value of m = 40 4\'.
We now focus on the experimental situation of (1:1) dilution. This situation corresponds to weak cooperative effects and is more accurately described in our case by the isolated molecule approach. Assuming for simplicity that ' ‡ = 'ˆ, this allows us to determine the value of ' upon generating the conductance histogram which best reproduces the experimentally measured log-normal shape.
We then move on to the (1:0) dilution ratio. There, the cooperative effects are expected to be strong and we use our model relying on an array of y × y molecules. We thus need to determine the values of the two remaining parameters, namely the average intermolecule coupling energy and the corresponding standard deviation . These are obtained from the current histogram that best approaches the asymmetric double sigmoidal function (Eq.4) where the values of the various parameters are presented in Table S2 .
In order to perform a systematic determination of these parameters, we introduce a new (Eq.S19) where Y labels the yˆ F bins of the histogram, of height ! and centered on W . We then determine the values of and that minimize this distance M ? ‡ to the fitting function.
Normalizing histograms
In order to compare experimental and theoretical results, we need to find a common normalization as different histograms can be constructed with different number of total counts. One possibility is to scale the experimental data so that the tallest bin corresponds to a count of 1. This in turn leads to a fitting function equivalent to the one in Eq. S18, only with a new parameter " G (in place of "), accounting for this rescaling.
It follows that the total area covered by the fitting function is now Table 3 . We then apply a rescaling prefactor to the transmission histograms generated according to the formalism described above in order for their total area to precisely match the one in Eq.
S20.
